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Introduction
The Gulf of Mexico sturgeon (Acipenser oxyrinchus desotoi) or Gulf sturgeon was federally listed during 1991 (USOFR 1991) . A subspecies of the Atlantic sturgeon (Vladykov 1955) , this fish ranges along the Gulf coast from Florida to the Mississippi River (Grunchy and Parker 1980) . Winters are spent in estuarine and marine habitats and much of the rest of the year is spent in coastal rivers (Odenkirk 1991; Foster 1993; Clugston et al. 1995; Rogillio et al. 2007 ).
Gulf sturgeons usually show fidelity to a single river system and movements between rivers are uncommon. Populations are therefore described on a river system basis. Some major coastal rivers remained unstudied, but Gulf sturgeon populations and recovery potential in the Pearl River system in Mississippi -Louisiana has been addressed previously (Morrow et al. 1998a (Morrow et al. , 1998b (Morrow et al. , 1999 . Rogillio et al. (2007) were the first to describe the chronology of movements out of the Pearl River and to track the movements of tagged Gulf sturgeon into brackish water and marine habitats. This study described movement into brackish waters as early as September and movement into marine habitats by November. Tagged fish remained in marine waters through early March and brackish waters through June. At least one telemetry tagged Gulf sturgeon was located (prior to this study) near shipping lanes in the Mississippi River Gulf Outlet (MRGO) -maintained by the U.S. Army Corps of Engineers (H. Rogillio, personal communication) . Pearl River Gulf sturgeon would likely be the only population affected by such maintenance activities since no tagged Gulf sturgeon from the nearby river systems, such as the Pascagoula River, have been located.
Despite over a decade of study, much remains to be learned about limiting factors influencing population growth of Gulf sturgeon (U.S. Fish and Wildlife Service (USFWS) and GSMFC 1995; Morrow et al. 1999) . A lawsuit has required the USFWS to propose critical habitats. This ruling could potentially affect Corps of Engineers responsibilities aimed at maintaining established shipping lanes in -but not necessarily limited to -the MRGO. The MRGO has been dredged, and dredged material has been disposed of at near-shore sites. Gulf sturgeon are feared susceptible to these maintenance operations. Dredging and other channel maintenance activities can also obstruct or alter migratory pathways, a primary concern of the USFWS in their designation of critical habitat.
Beginning in 2004, a 3-year study began to evaluate the potential occurrence of Gulf sturgeon in the MRGO. The presence of this listed species in the MRGO would require careful consideration of potential impacts of dredging and disposal operations. Gulf sturgeon use of the MRGO was intensively evaluated by telemetry and netting. To address stated concerns by the USFWS, MRGO inland disposal occupied by juveniles was sampled. In addition, population models were used to evaluate potential impacts of incidental kill caused by channel maintenance activities on long-term recruitment as part of a risk assessment.
Methods
Gulf sturgeon were netted yearly (June through September) in the Pearl River system by biologists from the U.S. Army Engineer Research and Development Center (ERDC) and the Louisiana Department of Wildlife and Fisheries (LDWF). Fish were weighed, measured, tagged for later identification, and some fish were instrumented with radio, sonic, or dual tags for telemetry studies. This sampling (as well as sampling by the LDWF prior to 2004) provided input for estimating population attributes as well as tagged fish for monitoring movement in the MRGO.
This study approach has been used in previous Pearl River studies (Morrow et al. 1998b (Morrow et al. , 1999 to evaluate population trends, define minimum levels of total mortality leading to population growth, evaluate the impacts of commercial by catch on population growth, and to develop recovery benchmarks (Powers 1996) such as acceptable population size or total annual mortality. Age, growth, and recapture information was then used in age-structure models using MOCPOP 2.0 (Beamesderfer 1991) to ascertain population trends in the Pearl River system and simulate the potential impacts of dredging and disposal operations. Rates of recruitment based upon earlier work in the 1990s (Morrow et al. 1998b ) and mortality estimates generated in this and earlier studies were used to parameterize these models ( Table 1 ). The population size was estimated with yearly recapture information using NOREMARK (White 1996), a program that estimates abundance using capture-recapture methods and a joint hypergeometric maximum likelihood estimator. Total annual mortality was estimated using the Gulland modification (Gulland 1983) as follows: Gulf sturgeon tagged with sonic transmitters were available for telemetry tracking in the MRGO beginning in the Fall of 2004. At least monthly, the MRGO was monitored using a Sonotronics receiver and hydrophone. Biologists would stop every 0.7 km and listen for sonically tagged sturgeon from the mouth of the MRGO to about marker 60. Water quality was measured with a Hydrolab ® and included temperature, conductivity, dissolved oxygen, and salinity. The USFWS raised concerns that juvenile or nonspawning adult Gulf sturgeon may reside, during warmer months, in MRGO disposal areas rather than the lower reaches of the Pearl River. This supposition is supported by earlier cooperative studies (Rogillio et al. 2007 ) in which juveniles were captured not far (<20 km) from the MRGO in the lower Pearl River system. Telemetry and limited netting were conducted monthly to determine presence of Gulf sturgeon in and nearby these disposal areas. During the summer and fall of 2006, fleets of gill nets (ten 2-m depth, experimental, monofilament nets measuring 100 m) were set by ERDC and LDWF biologists in and near disposal sites to intensively sample for Gulf sturgeon.
Results and Discussion
The (Table 2) . The use of estimated population size as a recovery benchmark was suspended in 2005 because overlapping confidence intervals would not allow population trends to be detected (Table 2) . However, acceptable rates of total annual mortality measured as Z, the instantaneous rate of total mortality (Ricker 1975) , were developed by population models and selected as an alternative benchmark. These mortality estimates, also listed in Table 2 , were arrived at using summer netting in the Pearl River system. Mortality appeared to be within a satisfactory range (i.e., Z = 0.16 to 0.24) across a range of years except for 2006 when an estimate of Z was 0.38; this level of mortality is outside the range that modeling in this study and earlier studies (Morrow et al. 1998b) Disposal areas were routinely surveyed using mobile telemetry and periodically sampled with gill nets for Gulf sturgeon during 2004 and 2005. In order to address concerns of the USFWS concerning summering populations of juveniles in or near the disposal areas, intensive gill netting by LDWF and ERDC was conducted from May through September of 2006. A total of 10,633 net-meter-hours of netting was expended and no Gulf sturgeon were captured. Therefore, it was impractical to make generalizations about habitat utilization.
Implication for Corps of Engineers Channel Maintenance
In summary, this was an intensive study of the potential impacts of channel maintenance in the MRGO on the Pearl River population of Gulf sturgeon. A very substantial portion of the population (perhaps as much as 25 percent) was telemetry tagged and subject to detection in the MRGO during monthly telemetry surveys. Since only one juvenile Gulf sturgeon was detected, use of the MRGO by Gulf sturgeon of any size or at any time of the year appears to be a rare event.
Summertime use of inland disposal sites was not detected despite the location of juvenile populations in the nearby lower Pearl River. As a consequence of intensive gill netting and telemetry, it is concluded that summer use in and near disposal areas is unlikely. However, it cannot be unequivocally stated that this species does not occasionally move into the MRGO. Maintenance activities that impact these fish should be monitored. 
